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Lir Motivation DO

- Precisely calculated at (N)NLO

- Standard candles for calibration

- Backgrounds to new physics
/Parton Distribution Functions \

Gauge Couplings

\
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NLO QCD
New Physics
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Cross Sections / Overview WD

Tevatron Run Il pp at\ls = 1.96 TeV
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Event Yields
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DFinal (6 fb™) Yield

.These (0.2-1 fb™") Results
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Many results are now surpassing
the precision achieved at LEP(2).
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[$)]

9/29/03

W yield is now approaching
the Z yield at LEP.

— 30mA/hr
——25mA/hr iR
— 20mA /hr P S
Tevatron Luminosity Projection// /O
tTTTTT T TTTTTTTTTTTTTTTTTTTTTOT————— /: ~ ___,,_/‘___'
=
S 7 e
Ve // /

10/1/06 10/2/07 10/2/08 10/3/09

Date

9/29/04 9/30/05

Physics In Collision : Annecy : 27 June 2007

Mark Lancaster : W & Z Physics 4



@ W & Z Cross Sections m@

Precisely predicted to 2-3% at NNLO ~ exp. systematic (-lumi)
Measurements are now dominated by uncertainty in luminosity ~ 6%.

CDF and DG Run Il Preliminary
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pp— W+X— Iv +X

W cross section provides viable
(integrated) luminosity measurement
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@ 3rd Generation : Tau Channel m@

- test 3" generation lepton universality
- benchmark for searches (especially MSSM Higgs).

Experimentally challenging
but good SM agreement at ~ 10% level
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Lepton universality verified to 8%
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3rd Generation : Z — bb

™)

- first observation at a hadron collider

Signal : 5674 + 448

| CDF Run Il Preliminary L=584 pb” |
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bb Jet Mass —

- important measurement to calibrate b-jet energy scale & resolution (h, top).
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W+V, Z+V Cross Sections m@

The new SM benchmarks (& backgrounds) for our search programme.
Now all measured with 1fb-"
Highlights :
- Observation of radiation zero in Wy
- Surpassing of LEP limits for Zyy, ZZy couplings from Zy study
- First observation of WZ

- Hints of ZZ
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Wy : Radiation Zero

)

Amplitude is zero for cos(6gy,) = -( 1 +2Q,) but use 1, - Nyen NOt Bcy
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Zy : Improved TGC Limits m@
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First Observation of WZ

| WZ Candidate Transverse Mass |

D@ Run Il Preliminary
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Significance : 3.3 ¢
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@ WZ Cross Section Measurement WD

CDF Run Il Preliminary [Ldt=1.11b" Made possible due to significant

. Data improvements in lepton acceptance

O z(ee)y
O zuy -
[ Z+jets
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Significance ~ 60

w b

o(pp = WZ)=5.0"*pb (Theory = 3.7 = 0.3 pb)

WZ TGCs though not yet competitive with LEP2

=
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First Hints Of ZZ Signal
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(7 First Hints Of ZZ Signal DJ)

CDF has combined 4l & llvv channel for greater significance

CDF Run Il Preliminary [Ldt=1.1f"
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@ Angular Distributions: Acg

)

- angular distributions allow constraints on Parton Distribution Functions
and anomalous quark couplings to be made
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A., Above Z Pole DJ)

- statistics limited but ultimately sensitivity to Z' beyond SM.
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W Charge Asymmetry m@
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@ W Charge Asymmetry m@

/ \ L] [l L]
os Improved constraints if split data by E;
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@

Drell Yan Rapidity

)

- Z boson rapidity well measured
from decay leptons

T High Y,
Y, =0.5In P ] Probes one high x
Ip /) & onelow x parton

Statistics limited but with data in hand expect
reduced PDF uncertainties at high-x
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@ Drell Yan P; DO)

PDFs determine boson rapidity

Z boson P, after unfolding

Resbos+PHOTOS CTEQ6.1m, no small-x corr

o
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radiation
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QCD radiation at low p; is non-perturbative and requires data to
constrain an ad-hoc intrinsic p; parameterisation.
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Important ingredient in W mass analysis
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W Mass Motivation w>

| _'LEPI.I ar;d SILD Summer 2006 - LEP Preliminary
80.5 - LEP2 and Tevatron (prel.)

ALEPH [final] + 80.440+0.051
68% CL ;
— DELPHI [final] —=i 80.336+0.067
S :
[) n : )
(D L3 [final] —=— ; 80.270+0.055
— 80.4 :
= OPAL [final] -— 80416+0.053
S
LEP '-' 80.376x0.033
: s idof = 49 / 41
803 - LEP EWWG
| 0 80.0 T T -81 0
150 175 200 Myl GeV]
m, [GeV] W mass uncertainty is the
. limiting uncertainty on
Am;~ 1.8 GeV (1.1%) constraining the Higgs mass.

Need Am,,~ 11 MeV (0.014%) for top & W to have equal weight in m, constraint
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C‘ W Mass Strategy WD

q Y

®

w
q v
. CDF Il preliminary f L dt ~ 200 pb’
My = \2php(1 — cos ¢p,)

100
my(uv) (GeV)

(ﬁ% = (U + ) ]
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@ Mw : Momentum Calibration WD

Key ingredients
- material map : amount and type (CDF has ~ 20% X,)

- tracker alignment A
- use cosmics & W events [ / CALJ E 1
- use E/p from low energy inclusive electron events 4 D
-/ TRK]
0.02
S
)
S _ ]
g oo AMW =6 MeV 4, u'®
2 Ny L
V b3
' anil]Tun_ =t AhA
: OE*A: Hagiina "
.ﬁ
& |
S‘ oo B COT cell and wire alignment
- w _,;,‘ A With track-level corrections
; - 002 e T T T T s Acot;et
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Mw : Momentum Calibration

)

CDF Il preliminary

I L dt ~200 pb”
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AMw =17 MeV
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w
o
o
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CDF Il preliminary jL dt ~ 200 pb'1
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- v3Idof = 26 / 18
L +++++++
| + +
b+ *‘## ; et
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Mw : Energy Calibration m@

Three error sources:

- statistical + mom scale

- material before calorimeter

- response of calorimeter vs E

Fit scale in
peak region

[ Mz (from E/p) - Mz (PDG) = 3 + 67 (stat) MeV J

E scale vs E,(e) from W's «/ nat 238335/5 CDF Il prelinfinary
e~ - | Pxb 0792463
Go To [li’age PO 10905405+ 730433005 4000|—

1.015

( Material X, from
L# events in high E/p tail
1.01

o / y2Idof =17 /16
1.005_

2000

events / 0.01
T

1 d

E/p (W—ev)

AMw ~ 22 (stat) ® 11 (material) @ 17 (p-scale) = 30 MeV

Physics In Collision : Annecy : 27 June 2007 Mark Lancaster : W & Z Physics

25



@

Mw : QCD/QED Uncertainties

- QCD uncertainties from PDFs and W p;

CDF Il preliminary

_‘. L dt ~ 200 pb™
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data
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- QED uncertainties from approximations in O(o?) treatment
AMw = 11 MeV

)
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Mw : Recoil Model W@

Neutrino p; is inferred from lepton p; and “rest” of the event
“rest” : QCD radiation “recoiling” against W; overlapping min bias; underlying event

e*T e
s
QCD Recoil UE/MinBias % U+ PT(Z) not quite Zero
\_

2 2 -1
CDF Il preliminary J. L dt ~ 200 pb” o 6 CDF i preliminary J. L dt ~ 200 pb
= 6— s 5 ——
s F R 72 DoF =5.7/10 —
+ C o -  —
"a© 5 :— 4 +—0—
v F —— ] u
; e : A
— —— 3 ——
o — R
3> C
- 11 DoF =95/10 of == U RESPONSE
2E- : U+P(Z) = 0
- - —— T
s U RESOLUTION 1
3 —t—
0 : TR PRI NN R SN SR T (N SO SR SR (T S ST ST SR NN S ST Y 0 C TR oo b b e b e by
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Pr(Z—ee) (GeV) Pr(Z—up) (GeV)
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(7 Mw : CDF Result

™)

CDF Il preliminary L =200 ph">
my Uncertainty [MeV] Electrons Muons Common§
Lepton Scale 30 17 17 =
Lepton Resolufion g 3 0
Recoil Scale 9 9 9
Recoil Resolution 7 7 7
u, Efficiency 3 1 0
Lepton Removal 8 5 5
Backgrounds 8 9 0
pr(W) 3 3 3
PDF 11 11 11
QED 11 12 11
Total Systematic 39 27 26
Total oo G2 60 26 B

My, = 80413 + 48 MeV

CDF Il preliminary

f L dt ~ 200 pb”
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T T T I T T T T I T T T T
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| —_— e 0
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70 80
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90 100
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N N N | L 1
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+
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100
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rw DS

- the high m; tail contains information on the W boson width

CDF Il Preliminary ( 350 pb™)

> -

8 : II\DAaCtatempIate' Iy =25

0 10¢ — MC template: Fa =21

8 — MC template: T, = 1.6

s Bckgd : :

Q b o Understanding of resolutions
® & backgrounds critical

10
“normalisation
region

T

10

fit region

e

50 100

1 ] 1 1 h i ﬁ
150 200
My (GeV)
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CDF Il Preliminary ( 350 pb'1 )

; :nGaus
r Fr®2us=1,03 + 0.30
c3 L .
o Oooo_ledof=5.91l3 data . . .
a | —MC constrain non-gaussian tails in
3* . :
I bckgd tracking resolution from E/p
20000
: CDF Il Preliminary ( 350 pb'1 )
10000 10°
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CDF Il Preliminary ( 350 pb_1 )
N 'y =(2118 + 60) MeV
¥2Idof [fit range] = 19/21
¥2Idof [full range] = 32/29

10*

= W — ev data
— W — ev MC + bckgd
" | bckgd

10°

#Events/5 GeV

102

T llllu”l

10

RRRLH

i 1 i l< | : i i 1 1 1 i : i »
100 150 2(
M, (ev)(GeV)

DO Run Il Preliminary

%)
=Yy

e Data
—MC+Background
[ 1Background

T I]IIIII|

-
cw

T IIII[I|

Events /2 GeV

177 pb-

10?

T IIIIIII

10

CDF Run Il Preliminary (350 pb-1)

ATy, [MeV]
Electrons Muons Common

Lepton Scale 21 17 12
Lepton Resolution 31 26 0
Simulation 13 0 0
Recoil 54 49 0
Lepton ID 10 7 0
Backgrounds 32 33 0
pr{W) 7 7 7
PDF 16 17 16
QED 8 1

W mass 9 9 9
Total systematic 78 70 23
Statistical 60 67 0
Total 98 97 23

ATw [CDF(e+u)] = 71 MeV

ATW [DD (e)] = 142 MeV
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World Averages DO)
[MeV]
CDF Run | ®
2231+ 172 » DZ (RUN-1) u 80433 + 79
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W Boson Mass (MeVIcz)

CDF now has most precise single experiment measurements
of the W boson mass and width
Reducing world average uncertainty from 33—25 MeV
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Impact on Higgs

DO

M, < 142 GeV at 95% CL (cf 166 GeV at ICHEP 2006)
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@

Future Prospects
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W Mass Precision (MeV)
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Beware extrapolations - for M, & M, Tevatron has done better than expected.

1 GeV is possible for top mass and 20-25 MeV for W mass

These measurements could pin down the SM Higgs beautifully or rule it out !
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@ Conclusions WD

- We’ve now seen all expected SM EWK processes except ZZ, single top and
the Higgs

-The precision of many of these measurements is now surpassing LEP e.g.
ZZy TGC, Mw, I'w & will continue to improve as datasets grow by up to a

factor of 10.

- Valuable constraints within SM e.g. PDFs and NNLO QCD will come
with final datasets.

- Future prospects are bright for removing the wriggle room of the Higgs from
~ 25 MeV W mass measurement.

Physics In Collision : Annecy : 27 June 2007 Mark Lancaster : W & Z Physics 35



Backup
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BFKL Effect on Z p D

- LHC data on this will be very interesting

pp = Z'X = e'e X (Vs = 14 TeV)

pp > W X = e'vX (Vs =14TeV)
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